Abstract. For ultracold and Bose-condensed atoms contained in periodic optical potential wells the quantized nature of their motion is clearly visible. The motion of the atomic wavepacket can also be accurately controlled. For those systems the long-range character of the atomic interaction and of the external potential play a key role in the quantum mechanical evolution. The basic facets of the experimental and theoretical research for atoms within optical lattice structures will be reviewed.
Introduction
Crystalline samples of cold atoms, now known as optical lattices , were initially investigated in the dissipative regime, as a tool to provide velocity damping, and hence a reduction of the kinetic energy of the atomic samples (for reviews see [1, 2, 3, 4] ). In fact the sub-Doppler cooling regime relies on the action of laser beams on the atomic motion in a standing wave configuration. The study of that regime also implied the possibility of trapping atoms in the sub-wavelength sized potential wells created by the laser beams. As soon it was clear that the standing wave patterns created by several intersecting laser beams provided by low-power diode lasers could be used to trap atoms in periodic structures, the field exploded. For instance a large experimental effort was made to probe directly the bound states of the atoms within the optical potential. After the initial experiments using one-dimensional (1D) lattices, several schemes were developed allowing an extension to two-and three-dimensions (2D and 3D). Very soon optical lattices were used as a flexible tool to modify the spatial periodicity of the cold atomic samples, and in some cases fancy spatial structures could be produced which the solid state physics community could only dream of. Moreover, important applications for atomic nanolithography have been realized.
Later, the research effort moved into the nondissipative, or conservative, regime, with the aim of reducing the scattering rate in the optical potential wells which ruled out coherent control over the wave-packet atomic motion. In fact, the interest in optical lattices shifted to using them as a test-bed for quantum mechanics. Such a shift in interest was enhanced when ultracold atomic samples represented by quantum degenerate gases were available for loading into the optical periodic potential. Bose-Einstein condensates (BEC's) represent flexible sources whose spatial dimensions and velocity spread can be controlled with large freedom, so that a condensate may be loaded with great accuracy into the periodic potential created by intersecting laser beams. Thus the study of conservative optical lattices used to modify the spatial macroscopic wavefunction of BEC's has greatly expanded in the last few years.
In this work we will report on the most important aspects of the interaction between ultracold atoms, above and below the BEC temperature, within optical lattices. We will concentrate on those features more directly connected with the long-range interactions within the optical lattice. We will not, therefore, discuss some exciting investigations on the dynamical tunneling and chaotic behavior for atoms located within an optical periodic potential whose amplitude is periodically or randomly modulated [5, 6] . Furthermore, we will not discuss the use of optical lattices in quantum computation schemes [7] . Moreover the subject of self generated periodic spatial structures will not be covered because separately treated in this book [8] .
Section 2 will introduce the basic notions on the creation of optical lattices and the atomic response within the lattice, discussing first the near-resonant optical lattices that evolved from laser cooling schemes and then the non-dissipative, far-detuned optical lattices. Section 3 briefly reviews some of the experiments on ultracold atoms in optical lattices carried out since 1992, whilst Sect. 4 deals with the more recent experiments in which Bose-Einstein condensates within optical lattices have been explored. The experimental results obtained by the Pisa group on Bloch oscillations, Landau-Zener tunneling and optical potential renormalization are there reported. Section 5 concludes the presentation.
Basic Notions

Laser Cooling
The simplest possibility to create a periodic potential for neutral atoms is to exploit the light-shift experienced by the atoms in a spatially modulated light field. In one dimension, this can be achieved by superposing two linearly polarized, counter-propagating laser beams with parallel or perpendicular polarizations (see Fig. 1(a) ).
If the polarizations of the two laser beams are perpendicular to each other (see Fig. 2 ), an atom with two magnetic sub-levels in the ground state will see two interleaved standing waves of σ + and σ − circularly polarized light. This so-called lin ⊥ lin configuration was typical of the early experiments on optical lattices, as it provided both localization of the atoms at the troughs of the potential wells and a sub-Doppler cooling mechanism ("Sisyphus-cooling", in which atoms are preferentially pumped from a sub-level with locally high potential energy to the other sub-level with a potential minimum at that point, thus reducing the kinetic energy of the atoms as shown in Fig. 3.) . For this combination of effects to work, the laser beams creating the optical lattice were detuned by a few natural linewidths from the atomic resonance (near-resonant optical lattices). In most configurations, the detuning was to the red side of the resonance, resulting in the atoms being trapped at the antinodes of the standing wave creating the lattice.
